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Abstract 
Republic of Korea is the seventh largest CO2 emission country in 2010 and the third fastest country in the growth of 
CO2 emission according to the European Commission’s Joint Research Center. To mitigate the effect of CO2 on the 
climate change and global warming, Korea should reduce the anthropogenic CO2 emissions from sources such as the 
power plants and iron works. So carbon dioxide capture and storage (CCS) technology is regarded as one of the most 
promising reduction options. This study established the CO2 transport strategies from the sources to sinks (such as the 
saline aquifers and gas fields in the Southeast Sea of the Korean Peninsula) for the offshore CCS in Korea. Also the 
cost estimations were carried out with the CO2 transport strategies. The CO2 transport methods suggested in this 
study were pipelines for both onshore and offshore, and a complex concept consisting of a pipeline for the source to 
coast (including the liquefaction facility on a barge) and a CO2 carrier for the coast to sink (including the temporary 
storage near offshore sink). With respect to the onshore pipelines, it was desirable to construct the CO2 transport 
pipelines along existing roads and/or LNG (liquefied natural gas) pipelines, as already realized in the United 
Kingdom (UK) and the Australia CO2 transport chains because of the cost and environmental aspects. The CO2
carrier was considered for the offshore CCS demonstration stage starting in 2016 to meet the timeline set by the 
Korea National CCS Master Plan. To optimize the CO2 transport systems, the advantages and drawbacks for the CO2
transport using the pipeline and shipping were analysed and the costs for them were also estimated with the CO2
transport strategies. There were several factors to be considered before constructing the CO2 pipelines including the 
amount of CO2, the terrain, the diameter of pipe, the transport pressure, the CO2 quality, the transport temperature, 
the CO2 state (i.e. gas, liquid or supercritical phases), etc. Also for the CO2 shipping it should be considered such as 
the amount of CO2, the shape and capacity of CO2 cargo tanks, the ship capacity, the liquefaction pressure and 
temperature, the type of the temporary storage, etc. Although the present study is now on-going to optimize the CO2
transport infrastructure for the offshore CCS in Korea, the preliminary results show the CO2 transport cost for the 
pipeline system is lower than that for the shipping in the present status. 
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1. Introduction 
To response climate change, CO2 capture and storage (CCS) is one of key player in greenhouse gas 
reduction portfolio [2]. The technology of CCS is three stage processes; 1) capturing CO2 from sources 
(such as the power plants, ironworks), 2) transporting it from the sources to storage sites, and 3) storing it 
in the geological formations for long-term isolation from the atmosphere. Although CO2 capture 
technologies have been globally investigated and verified, the first-hand experiences of the CO2 transport 
and injection processes are still in the initial stage except some typical cases. Especially, the offshore CCS 
demonstration or commercial projects using the CO2 from the sources are in developing stage. Recently, a 
lot of perspectives and researches on CCS have been reported [3-12].   
Korea is the 9th largest CO2 emission country in 2009 according to the report from IEA (International 
Energy Agency) [13]. To alleviate CO2 effect on climate change and global warming, Korea has to reduce 
the anthropogenic CO2 emitted from power plants and iron works. KIOST (Korea Institute of Ocean 
Science and Technology) and his collaborators are studying intensively to develop the technologies for 
offshore CCS (Carbon capture and storage) in Korea because the offshore CCS demonstration phase is 
going to be started in 2016 in accordance with the Korea National CCS Master Plan [14]. This study 
established the CO2 transport strategies from the sources to sinks for the offshore CCS in Korea. Also the 
cost estimations were carried out with the CO2 transport strategies. The CO2 transport methods suggested 
in this study are the pipelines for both onshore and offshore, and a complex concept consisting of a 
pipeline for the source to coast (including the liquefaction facility on a barge) and a CO2 carrier for the 
coast to sink (including the temporary storage near offshore sink). Although the present study is now on-
going to optimize the CO2 transport infrastructure for the offshore CCS in Korea, the preliminary results 
show the CO2 transport cost for the pipeline system is lower than that for the shipping in the present status. 
Nomenclature 
CCS Carbon capture and storage 
BR Boryeong 
CAPEX Capital expenditure 
HD  Hadong 
HDJ Hadong joint 
ID Inner diameter 
LCC Life cycle cost 
OPEX Operation expenditure 
P Pipeline system 
ST Storage 
UB Ulleung Basin 
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2. CO2 Transport Strategies and Its Cost Estimations 
As of 2012, the CO2 capture technologies have been developing using the dry and wet absorbents at 
the Boryeong (BR) power plant and the Hadong (HD) power plant, respectively. Also the Korea National 
Oil Corporation (KNOC) and KIOST have found the potential storage site near the Ulleung Basin (UB) 
indicated in Fig. 1. The storage capacity was evaluated about 5.1 GtCO2. Therefore, in this study the 
sources are the BR power plant and the HD power plant and the sink is the aquifer near UB, which is a 
most probable scenario in accordance with the Korea CCS Mast Plan [14].  
For CO2 transport method, on-/off-shore pipeline and shipping from the sources to the sink have been 
considered. Figure 1 shows the CO2 transport strategies for the offshore CCS in Korea; using the pipeline 
(solid line) and the shipping (dotted lines). Annual amount of CO2 transport will be varied from 1 Mt for 
the demonstration stage to 6 Mt for the commercial stage. The details of CO2 amount are shown in Table 
1. 
Fig. 1. CO2 transport strategies for the offshore CCS in Korea; using the pipeline (solid line) and the shipping (dotted lines) [1]. 
Table 1 Annual amount of CO2 to be captured at the sources for CCS [1]. 
 Case 1 Case 2 Case 3 Case 4 Case 5 
BR power plant 1.0 Mt 1.0 Mt 1.0 Mt 1.5 Mt 3 Mt 
HD power plant 0 Mt 0.5 Mt 1.0 Mt 1.5 Mt 3 Mt 
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2.1. Ship transport 
To date, there is no ship for CO2 transport with some exceptions for food industries. However, 
according to the Korea National CCS Master Plan we have considered the CO2 ship transport because of 
the advantage of its flexibility. The details of the CO2 ship transport was reported by our co-authors’ 
master thesis [15], so we briefly address the concept and the evaluation method. 
The ship-based Korean CCS chain, as shown in Figure 2, consists of three segments: in-land 
transportation, liquefaction barge, and marine transportation by a CO2 carrier. Three segments are divided 
further into sub-segments. The in-land transportation segment, which is for the transportation of captured 
CO2 from the power plant to the liquefaction barge, is divided into the compressor and the pipeline. The 
liquefaction barge includes the liquefaction system, the temporary storage tank, the barge hull and the 
cargo handling system. The CO2 carrier, which is supposed to transport liquefied CO2 from the 
liquefaction barge to the offshore storage site, is treated as a single unit. 
In order to transport CO2, first the captured CO2 at the power plant is compressed by the compressor 
and then it is transported to the barge by the pipeline. After pipeline transportation, the liquefaction 
system liquefies the transported CO2 because the density of vapor CO2 is too low for economic 
transportation. It is preserved at temporary storage tanks until the CO2 carrier comes for loading. The 
stored CO2 is unloaded into the carrier through the cargo handling system and then the carrier navigates to 
the geological storage site. Finally, CO2 is injected to the site. 
LCC (Life Cycle Cost) is employed in order to evaluate the ship-based CCS chain. LCC is the total 
cost of ownership of a product over its life cycle which includes research and development, construction, 
operation and maintenance and disposal. The estimated LCC is useful for the decision making in the early 
design stage to optimize the design. The conventional LCC commonly consists of CAPEX (Capital 
Expenditure) and OPEX (Operation Expenditure) on the highest level. CAPEX includes following items: 
the equipment purchased cost, installation cost, building cost, service facilities cost, legal expanse and 
design & administration cost. OPEX classified into man-hour cost, energy consumption cost, maintenance 
cost, operating suppliers cost and insurance cost. If the unavailability of system is high, the cost from the 
deferred production may give considerable impact on the LCC. Therefore, the cost of deferred production 
is also taken into account to the LCC as unavailability cost. 
Fig. 2. Ship-based Korea CCS chain and its components [15]. 
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The CAPEX and OPEX are estimated after the design parameters are determined. For example, in case 
of in land transportation, the inner diameter of pipeline and the pressure drop during transportation are 
calculated first and then CAPEX and OPEX are estimated using those calculation results. The CAPEX is 
estimated by the methodology of “Percentage of Delivered Equipment Cost” [16] and the OPEX is 
estimated as referring the results of the process simulation modeling tool. 
2.2. Pipeline transport 
CO2 pipeline transport system has been adopted for worldwide CCS projects. The major advantages of 
the system are continuous transport and insensitive to bad weather conditions. However, the public 
acceptance should be achieved to install the pipeline. In this study, the shortest way from the sources to 
the sink is the straight-route across the Taebaek Mountains (yellow dotted-area in Fig. 1) however there 
are so many national parks. For the public acceptance and environmental aspect, the way will be not 
accepted. To solve the problems we adopted previous concepts [17, 18]. The CCS proposals from UK and 
Australia have considered the concepts using existing LNG pipeline and CO2 pipeline along the road, 
respectively. Considering the public acceptance, and environmental and economic aspects, the CO2
pipeline route suggested in this study is along the existing LNG pipeline which is also along the roads 
(solid line in Fig. 1).
On the demonstration stage of the offshore CCS in Korea, 1 MtCO2/year will be captured, transported 
and sequestrated in the aquifer near UB. After the success of the demonstration, the commercial stage will 
be started. It is well known that the CAPEX (Capital Expenditure) does not linearly increase with the pipe 
inner-diameter while the cross-sectional area increases with the square of the diameter. Consequently, the 
pipe diameter to be installed in the demonstration stage should be considered for the commercial stage. 
As shown in Fig. 1, the CO2 from BR power plant will be transported HD joint (HDJ) near the HD power 
plant and then be transported to the sink along with the CO2 from the HD power plant. Therefore the three 
cases of the pipe inner-diameter (ID) have been used to estimate the CO2 transport cost in this study; 
- P1) 0.3m for BR-HD, 0.5m for HD-Storage (ST), 
- P2) 0.5m for BR-HD, 1.0m for HD-ST and 
- P3) 1.0m for BR-HD-ST. 
The small size (i.e. the case P1) is for the demonstration stage and the relatively big size (i.e. the case 
P2 or P3) is for the commercial stage. 
The CO2 states for the pipeline transport are assumed as follows; 
- the CO2 is captured at 1 bar and pressurized up to 120 bar, 
- the pressure should be maintained above 90 bar, 
- the temperature is about 23 .
The costs of the CO2 pipeline transport are evaluated using the IEA Cost Estimation Model [19]. The 
cost estimation in the model is based on industry standard sizing techniques and in-house estimating 
methods using industry norms. The model has been prevalently used to estimate the cost for the CO2
pipeline transport [20, 21] and calculates 1) CAPEX, 2) Fixed OPEX and 3) Variable OPEX for the CO2
pipeline transport. The details of the model has been well described in elsewhere [19]. 
 Jung-Yeul Jung et al. /  Energy Procedia  37 ( 2013 )  3242 – 3249 3247
3. Results and Discussion 
Figure 3 shows the costs estimated for CO2 pipeline transport depending on the CO2 amounts (as 
shown in Table 1) and the pipe ID. The CAPEX for CO2 pipeline transport slightly increases as the CO2
amount increases. However, the CAPEX increases steeply for the Case 5 using P1 as shown in Fig. 3(a) 
because there need 34 booster stations unrealistically due to the pressure drop. For the safety of the CO2
pipeline transport system, it is required that no excess joints and/or auxiliary units are installation. Also 
these booster stations increases the Variable OPEX. The CAPEX is needed at the first year for the CCS 
while the Fixed and Variables OPEXs will be taken annually. The pipe ID for P2 is almost double of that 
for P1, which means that the flow rate can be increased ~4 times. However, the CAPEX of the Case 1 
using P2 is just higher 1.9 times than that of the Case 1 using P1. Furthermore, the CAPEX of the Case 5 
using P2 is lower than that of the Case 5 using P1 due to the additional booster stations as shown in Figs. 
3(a) and 3(b). Therefore, the pipe ID for the CCS demonstration stage should be determined considering 
the CO2 amount for the commercial stage of the offshore CCS in Korea. 
Figure 4 shows the costs estimated for the CO2 ship transport depending on the CO2 amount. Three 
ship sizes are considered depending on the CO2 amount; 20,000 m
3 for the Cases 1 and 2, 40,000 m3 for 
the Cases 3 and 4, and 80,000 m3 for the Case 5. The rate of the OPEXs to the total cost of the ship 
transport is higher than that of the pipeline transport as shown in Figs. 3 and 4 because the expenditures 
for the crew, insurance, energy consumption of the ship transport are relatively higher than those for the 
pipeline transport. 
Fig. 3. (For first year) The costs estimated for CO2 pipeline transport depending on the CO2 amounts (Table 1) and the pipe ID; (a) 
P1) 0.3m for BR-HD, 0.5m for HD-Storage (ST),  (b) P2) 0.5m for BR-HD, 1.0m for HD-ST and (c) P3) 1.0m for BR-HD-ST [1]. 
Fig. 4. (For the first year) The costs estimated for the CO2 ship transport depending on the CO2 amounts [1]. 
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Figure 5 shows the comparison of the CO2 transport cost between the pipeline transport (with (a) P1, 
(b) P2 and (c) P3) and the ship transport. Transport periods were assumed 5, 10, 15, and 20 years. For all 
cases, the CO2 transport costs for the pipeline are estimated less than those for the ship transport. 
Especially, the costs for the P1 are very low compared to those for the ship transport. However, for the 
commercial stage using P1 pipeline system is not suitable as for the safety aspect as mentioned previous. 
The CO2 transport costs for the P2 and P3 pipeline systems decrease more sharply with increasing the 
CO2 amount than those for the ship transport. 
Fig. 5. Comparison of the CO2 transport cost between the pipeline transport (with (a) P1, (b) P2 and (c) P3) and the ship transport 
[1]. 
As a result of this study, one can consider that the CO2 transport using the pipeline system is more 
suitable than using the ship for the offshore CCS in Korea for the proposed scenarios. Also the P2 
pipeline system is better than the P3 as for the financial aspect under the cases given in this study. 
However, there are so many power plants near the BR and HD power plants so we should consider more 
the pipe ID for the future CCS stage. Also the shipbuilding industries in Korea are now trying to do cost 
down for the CO2 carriers. Therefore, the study on the cost estimation for the offshore CCS in Korea 
should be continued and carried out more precisely. 
4. Conclusions 
In this study, we established the CO2 transport strategies from sources to sinks for the offshore CCS in 
Korea. Also the cost estimations were carried out with the CO2 transport strategies. The CO2 transport 
methods suggested in this study were pipelines for both onshore and offshore, and a complex concept 
consisting of a pipeline from the source to coastal terminal (including the liquefaction facility on a barge) 
and a CO2 carrier from the terminal to sink (including the temporary storage near offshore sink). 
Although the present study is now on-going to optimize the CO2 transport infrastructures for the offshore 
CCS in Korea, the preliminary results show the CO2 transport cost for the pipeline system is lower than 
that for the shipping in the present status. However, the studies on the CO2 transport strategy and the cost 
estimation should be updated for the CCS demonstration and commercial stages in Korea. 
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